This paper investigates the effect of cross-shareholding on stock price synchronicity, as a measure of price informativeness, of the listed firms in the Chinese stock market. We gauge firms' levels of cross-shareholdings in terms of centrality in the cross-shareholding network. It is confirmed that it is through a noise-reducing process that crossshareholding promotes price synchronicity and reduces price delay. More importantly, this effect on price informativeness is pronounced for large firms and in the periods of market downturns. Overall, our analyses provide insights into the relation between the ownership structure and price informativeness.
Introduction
With increasing economic integration, firms relying only on their own capital accumulation to achieve the goal of profit and expansion have gradually lost the advantage to pull ahead in the long run. Given the limited resources available to individual firms and the complexity of financial markets, firms often hold part of other firms' shares and allow themselves to be partly owned in order to utilize more resources and further foster strategic alliances to obtain more benefits (Amundsen and Bergman, 2002) . Many simple and theoretical estimations of firms' equity values under this special ownership structure has been made (Elsinger, 2013; Fischer, 2013) . Meanwhile, when focusing on corporate efficiency, many studies suggest that cross-shareholding would have an impact on the information environment. For example, there exists a stricter monitoring system among firms with cross-shareholdings (Sheard, 1994; Jiang and Kim, 2000) and such cross-shareholding can reduce the information asymmetry among shareholders (Brooks et al., 2018; Liu et al., 2018) . Furthermore, such an effect is attributable to a process of reducing moral hazard and restraining shareholders' opportunistic behavior Ang et al. (2002) . As mentioned in previous studies, the improvement of the information environment as a result of firms' characteristics (e.g., analyst coverage and ownership concentration) can incorporate more firm-specific information into stock prices (Jin and Myers, 2006; Gul et al., 2010) , and may drive irrational factors out (Lee and Liu, 2011) , further impacting on the price informativeness. However, evidence of the impact of the information environment (arising from cross-shareholding) on the price informativeness is rare in academic research.
In terms of stock price informativeness, the existing literature employs R 2 to measure either firm-specific, or market-wide information in the stock prices (Roll, 1988; Morck et al., 2000; Jin and Myers, 2006) and finds that firms in emerging economies, where it is confirmed to have poor protection of investors and institutional environment, have a higher R 2 than those in the developed economies. Furthermore, a growing body of studies have investigated how firms' characteristics, or their institutional environment affect individual stock price informativeness (Hutton et al., 2009; Gul et al., 2010; Dong et al., 2016) . The rationale for these researches is that a more transparent information environment results in more firm-specific information being incorporated into stock prices such that we would observe a lower level of stock price synchronicity. However, this information-based perspective, while intuitive, is at odds with other implications of market efficiency. Some studies also argue that stock return synchronicity is positively related to the information environment due to analyst coverage and noise trading (Chan and Hameed, 2006; Lee and Liu, 2011; Crawford et al., 2012) . In this way, if the improvement of the information environment arising from crossshareholding accelerates the production of firm-specific information, we might observe a negative relation between cross-shareholding and stock price informativeness. If the improvement of the information environment drives the irrational factors out, we expect that the stock price informativeness will increase with firms' centrality in the crossshareholding network. It is necessary for us to reveal how the cross-shareholding affects the price informativeness.
In this paper, we utilize a unique set of data that documents and introduces cross-shareholding of Chinese stocks. The documents (which were downloaded from a database) contain the listed firms and their shareholders. Crossshareholding is treated as a combination of listed firms and their shareholders and cross-shareholders are defined as two firms that are shareholders of each other. Therefore, there exists a network filled with equity ties in the stock market. The nodes, representing individual firms, and the linkages, representing the cross-shareholding between firms, form a cross-shareholding network. In a network framework, researchers find various relations between the financial linkages and individual performance, such as firm performance (Cai and Sevilir, 2010; Larcker et al., 2013; Rossi et al., 2018) and compensation for risk taking (Ahern, 2013; Aobdia et al., 2014; Herskovic, 2018) . Meanwhile, the networks based on ownership linkages have attracted much attention from researchers. For example, Khanna and Thomas (2009) find that the pairwise stock price synchronicity is strong between firms with equity ties. Using complex network theory, Ma et al. (2011) initially measure the cross-shareholding of listed companies in the Chinese stock market. It is further unveiled that the cross-shareholding network can reveal complex relationships precisely in the stock market and the network exhibits small-world and scale-free properties (Li et al., 2014; Chang and Wang, 2017) . Therefore, following previous studies, we can apply complex network theory to gauge the level of cross-shareholding to further reveal the impact of cross-shareholding on the price informativeness.
Due to the rapid growth and increasing reputation of the Chinese financial market among the global financial markets, scholars and investors have paid much attention to the Chinese market. It is also widely acknowledged that the Chinese stock market has several unique characteristics that challenge the traditional asset pricing theories. For example, the trading activities of small retail investors have generally played a leading role in the stock market and the institutional traders accounted for less than 20% of the total trading volume at the end of 2016. In terms of the cross-shareholding, while it is widely observed in developed economies and is a crucial characteristic of some large business groups, more listed firms in mainland China have been permitted to hold shares of other firms after the splitshare reform in 2005. Moreover, most of the firms in the Chinese stock market mutually holding shares aim to have better capital operations or superior opportunities of the initial public offering. Some of them also act as short-term arbitragers through these non-principal investments-especially when the stock market experiences a boom-while a small amount of them can find a long-term investing relationship.
Motivated by these pioneering researches on cross-shareholding and price informativeness, the purpose of this paper is to examine, from the network perspective, the impact of cross-shareholding on stock price informativeness, measured as stock price synchronicity. First, we carry out a univariate analysis as well as a multivariate analysis to illustrate the point that the more transparent the information environment of a firm as a result of its more central position in the cross-shareholding network, the more synchronous its stock price. This is because more fundamental information is already available to investors in a better information environment, such that the stock price contains fewer noises and pricing errors. Moreover, a more transparent information environment can help investors improve their predictions about the occurrence of future firm-specific events, therefore reducing the likelihood of unexpected news (Dasgupta et al., 2010) . To sharpen the inferences of our main empirical tests, we examine alternative measures of stock price synchronicity and our results remain unaffected.
Second, while we can conclude that cross-shareholding has a positive impact on the stock price synchronicity, it is also skeptical that whether cross-shareholding would really improve stock price informativeness since firms with higher levels of cross-shareholding can be affected by the operating conditions of other firms. Put another way, instead of reducing irrational factors, the stocks of firms with a more central position in the cross-shareholding network reflect more fundamental information, which, ceteris paribus, promotes the stock price synchronicity. To ensure that the observed positive impact on the stock price synchronicity is driven by a reduction in irrational factors, we perform a complementary analysis. We find a negative relation between cross-shareholding and noise trading, corroborating the proposition that there exists a noise-reducing process in the impact of the information environment arising from crossshareholding on the price informativeness in the Chinese stock market. Our conclusions still hold after we control for the weekly returns of the three factors of Fama and French (1993) as the fundamental values.
Third, based on the confirmation of the noise-reducing process in stock price informativeness, we further examine the impact of cross-shareholding on price delay, measured as the proportion of the previous market-wide information reflected in the current price (Hou and Moskowitz, 2005) and also treated as an alternative measure of the stock price informativeness (Dong et al., 2016) . Researchers argue that such a delay can be caused by a potential market friction and pricing inefficiency. Following their approach, we find that firms-especially large firms-with a more central position in the cross-shareholding network have a lower level of price delay. These results indicate that firms with a more central position in the cross-shareholding network would have a better-quality information environment and lower levels of noise trading. Hence, their stock prices would thus contain more contemporary information instead of historical information and the stocks would be more rationally priced. Furthermore, we believe that investors might pay attention to firms' cross-shareholders through publicly available data (e.g., the balance sheets). Consequently, based on the improvement of the information environment as a result of cross-shareholding for large firms, the increasing investor attention from other firms may strengthen the impact of the reduction in noise trading, and thus firms with more cross-shareholding would have a lower level of price delay. These results add further supports for our main inference that cross-shareholding reduces noise trading.
Fourth, we find that such an positive effect on the stock pricing efficiency is pronounced for large firms. This is because the stocks of large firms that hold a more central position in the cross-shareholding network tend to be priced more rationally and therefore reflect more about contemporaneous market-wide information, while more irrational factors are clustered at small firms (Zhang, 2006; Zhang et al., 2013) . Additionally, a feasible interpretation of our results is the idea that, compared to the objectives of small firms when they hold other firms' stock (e.g., shortterm financing and arbitrage), large firms have more stable future cash flows and are less sensitive to market-wide shocks. Therefore, investors prefer to invest in a long-term horizon, which strengthens the alignment effect between the shareholders and demands a higher-quality information environment.
Last but not least, based on the Adaptive Markets Hypothesis that market efficiency varies from time to time (Lo, 2004) , we find that, while cross-shareholding has a small effect on stock price informativeness during market upturns, the effect becomes stronger during market downturns. Specifically, investing behavior in a financial market is a type of dynamic decision-making behavior (Wen et al., 2014a) and it is argued that there exists a persistent overreaction during market downturns and a persistent underreaction during market upturns (Hou et al., 2009) . A feasible interpretation of our results is the idea that investors in the Chinese market would pay more attention to the portion of firm information related to market-wide information during a market downturn, which is consistent with the bargain-hunting or stoploss strategies. Therefore, investors accelerate the incorporation of such market-wide information into the stock prices, and thus strengthen the impact of the reduction in noise trading on the price informativeness during market downturns. Our results remain unaffected when using other centrality measures and when considering the potential selection bias caused by short selling.
Our findings contribute to the extant literature in three ways. First, while previous studies focus on the impact of cross-shareholding on corporate management and decision making, we provide intuitive and fresh evidence that cross-shareholding has a further impact on the variation of stock price through the improvement of the information environment and a further reduction in noise trading. Moreover, our results add to the theoretical prediction in the Lee and Liu (2011) model that the information environment positively affects stock price synchronicity. Second, we add complementary results to the impact of firms' ownership structure on stock price's behavior, even if there is a growing body of empirical studies investigating the impact of ownership structure, such as director linkage (Khanna and Thomas, 2009 ), ownership concentration (Gul et al., 2010) , block ownership (Brockman and Yan, 2009) , and large controlling shareholders (Boubaker et al., 2014) , on stock price informativeness. Third, apart from enriching the research on financial markets using a network framework (Xi and An, 2018; Herskovic, 2018) , our study is one of the few-if not the first-to employ complex network theory to investigate the relation between corporate structure and stock pricing efficiency 1 . The rest of the paper is structured as follows. We relate our work to existing literature in Section 2. Section 3 describes the setting up of the cross-shareholding network, the data sources, and the construction of variables. Section 4 reports our empirical results, which are further discussed in Section 5. We offer our conclusions in Section 6.
Literature review
This study sits at the intersection of two important literature streams. The first stream investigates the link between information efficiency and stock price informativeness. An innovation in this field was suggested by Roll (1988) that the fundamental value is determined by both market-wide information and firm-specific information, where stock price synchronicity is treated as a measure of stock price informativeness. This groundbreaking idea has motivated several follow-up studies that examine stock price informativeness around the world. Morck et al. (2000) find that China has the second-highest R 2 in the world, and that it is the relatively poor protection of investors' property rights that make the stock price synchronicity (R 2 ) in emerging markets higher than that in developed markets. By replicating the results of Morck et al. (2000) and presenting several vivid stories, Jin and Myers (2006) argue that in certain improbable but noteworthy circumstance, the impact of investor protection is doubtful and firms' opaqueness does make a difference. He et al. (2013) find that the positive impact of large foreign ownership on price informativeness may be stronger in developed economies with strong investor protection and a transparent information environment. In addition, Dang et al. (2015) measure the commonality of market-wide information and firm-specific information around the world.
Extending the cross-country pattern of stock price informativeness to the firm level, Hutton et al. (2009) find a result akin to that of Jin and Myers (2006) by giving a detailed measure of firms' opaqueness in the accounting item. Piotroski and Roulstone (2004) make the first attempt to investigate the relation between analyst coverage and stock price synchronicity and Liu (2011) and Crawford et al. (2012) find that analyst coverage accelerates the incorporation of firm-specific information into stock prices. In terms of the ownership structure, ownership concentration and large controlling shareholders are proven impediments to the incorporation of firm-specific information into stock prices (Gul et al., 2010; Boubaker et al., 2014) . Ben-Nasr and Cosset (2014) further posit that state ownership results in a less transparent environment, making the collection of private firm-specific information costly and discouraging informed trading. Other studies investigate the impact of seasoned equity offerings (SOEs), institutional investors, corporate social responsibility and independent director reputation incentives on stock price synchronicity Becchetti et al., 2013; Bai et al., 2016; Sila et al., 2017) . These researches have the common perspective that a more transparent information environment produces more firm-specific information, weakens the explanatory power of market-wide information, and thus reduces stock price synchronicity.
Turning to the discussion of whether stock co-movements are explained by firm-specific information or noise, contrary to the aforementioned views, small and young firms, which are infrequently traded, are followed by a low level of stock price synchronicity (Kelly, 2007) . Chan and Hameed (2006) and Crawford et al. (2012) argue that it is the analyst coverage in emerging economies that promotes the production of the market-wide information, which improves pricing efficiency. In addition, a more transparent information environment can help investors improve their predictions about the occurrence of future firm-specific events, and therefore reducing the likelihood of unexpected news, which further promotes stock price synchronicity (Dasgupta et al., 2010) .
Our study is also related to the paper that documents a U-shaped relation between price informativeness and stock price synchronicity (Lee and Liu, 2011) . Through a multi-asset, multi-period noisy rational expectations equilibrium, Lee and Liu (2011) find that noise trading reduces stock price informativeness. In this paper, we provide empirical evidence supporting their theoretical prediction of the impact of noise trading 2 . The second stream of literature is related to cross-shareholding networks. Cross-shareholding has impacts on decision making. For example, Osano (1996) finds that cross-shareholding reduce the problem of shortsightedness caused by outside takeovers. Ang et al. (2002) suggest that long-term trading relations established through crossshareholding largely reduce moral hazard among shareholders, and restrain the opportunistic behavior in the trading contract. Moreover, cross-shareholding not only changes shareholders' preferences but also is used as a strategy device to deter other firms' entries (Harford et al., 2011; Li et al., 2015b) .
In terms of the information environment, firms with more cross-shareholding can utilize more information and financial resources, and there exists a stricter monitoring system among them, which further reduces the information asymmetry between shareholders (Sheard, 1994) . Jiang and Kim (2000) conjecture that firms with higher levels of cross-shareholding have lowers level of information asymmetry between corporation and market participants, which makes the stock price incorporate information about future profitability much faster. As a for of indirect crossshareholding between firms caused by institution cross-shareholding, this type of ownership structure not only reduces deal premiums, thus leading to better value for acquirers, but also provides superior two-sided information and better monitoring roles (Brooks et al., 2018) . Moreover, for both high-cost and low-cost firms, it is the shares held in each other that provide two-way information communication and incentives to reveal private information, which improves firms' information disclosure and reduces information asymmetry (Liu et al., 2018) . Hence, according to the aforementioned literature, the primary goal of this research is to investigate the relation between cross-shareholding and price dynamics through the impact of cross-shareholding on the information environment, while the literature has given plenty of theoretical evidence of the impact of cross-shareholding on the estimation of equity values (Elsinger, 2013; Fischer, 2013) .
With the development of comprehensive cross-business among financial institutions and firms, networks filled with financial linkages have become an indispensable factor when studying individual performance and price dynamics (Li et al., 2015a) . A related paper constructs a correlation network in the stock market and focuses on the static topological properties of the network, while neglecting the analysis of the potential consequences (Xi and An, 2018) . Based on the financial relations, some papers further investigate how firms or portfolios perform from a network perspective (Hochberg et al., 2007; Cai and Sevilir, 2010; Rossi et al., 2018) . For example, firms with more director linkages tend to collect information more efficiently and demand less from the consultation services of investment banks, which promotes profits even after the conclusion of merger and acquisition activities (Larcker et al., 2013) .
Given that individuals in financial networks can use more financial resources and update their strategies in order to optimize their investment profits, some works reveal the impact of their trading behavior on stock pricing and individual risk bearing. For example, Ahern (2013) and Aobdia et al. (2014) conjecture that, due to the adoption of more fundamental information, firms or sectors at more central positions in a business-related network would have higher compensation for the systematic risk. Additionally, considering an input-output network, Herskovic (2018) further finds that changes in the network are sources of systematic risk and that taking sparsity and concentration of the network into account can help fill a significant return gap that cannot be explained by standard asset pricing models such as the capital asset pricing model (CAPM) or the Fama and French (1993) three-factor model. These papers believe that, compared with individuals isolated from the outside world, it is through financial networks where individuals communicate with each other and exchange the information that the future expectation and equilibrium market prices would be changed.
Our study is also related to several researches that measure the activities of cross-shareholding in a network framework. For example, Ma et al. (2011) make the first attempt to establish a cross-shareholding network of listed companies in the Chinese stock market and shows that the cross-shareholding network has scale-free characteristics at both the firm level and the province level. Finding a similar pattern to the results of the former study, Li et al. (2014) and Chang and Wang (2017) suggest that cross-shareholding networks reveal complex relationships precisely in the stock market and further find a law of evolution of the cross-shareholding network structure. However, these researches focus either on the establishment of networks or the topological characteristics, but overlook the analysis of further economic consequences. In contrast, our study tries to measure the level of cross-shareholding in a broad sense to further reveal the impact of cross-shareholding on the price informativeness.
Data and methodology

Measure of stock price synchronicity
Following Hutton et al. (2009) , an expanded index model is applied to measure stock price synchronicity, which allows us to decompose the total return variations into two components: those tied to common (market wide and/or industry wide) factors and those tied to unobserved factors. We first estimate the following model for each fiscal year:
where r j,t denotes the weekly return of firm j at week t, r m,t and r i,t denote respectively the value-weighted A+B share market return and industry return, and ε represents the unspecified random factors. This A+B share market return is based on the composite (value-weighted) A+B share index which reflects A+B share price movements in both the Shanghai and Shenzhen exchanges. The industry return is created by using all firms within the same industry. We allow for non-synchronous trading by including lead and lag terms for the market and industry indexes to alleviate concerns over potential non-synchronous trading biases (Hutton et al., 2009; Gul et al., 2010) . Since the R 2 is highly skewed and bounded between one and zero, we apply a logistic transformation to obtain a near normally distributed and continuous variable:
This SYN-based efficiency measure has been used in various empirical studies on corporate investments and emerging markets (Durnev et al., 2004; Cheng et al., 2014) . A higher value of SYN indicates that the stock price is more synchronized.
Construction of the cross-shareholding network and centrality measures
Following Ma et al. (2011) and Li et al. (2014) , we construct an undirected and unweighted cross-shareholding network of firms' direct cross-shareholders using cross-shareholding data from 2004 to 2016. Two companies are linked if and only if they are shareholders of each other. A firm's level of centrality is highly dependent on its position in the network. We focus on three basic measures of node centrality.
First, a firm is well-connected if it has many cross-shareholders. Such firms have more opportunities, greater access, or less information asymmetry than other firms. Degree centrality enumerates the number of first-degree links among cross-shareholders. Letting δ (i, j) denote an indicator that equals one when firms i and j are cross-shareholders and zero when their stocks are not mutually held and N denote the total number of firms in the network over the course of a year, the degree centrality is obtained as follows
Second, a firm may be well-connected if it lies on relatively more paths between any other pairs of outside firms, making such a firm crucial for connecting firms to each other. Betweenness centrality represents how important a firm is in connecting other firms to each other, or how well-situated a firm is in terms of the network paths it lies on (Freeman, 1977) . Betweenness centrality is defined as the average proportion of paths between two outside firms on which a firm lies. Let Pi(k, j) denotes the total number of shortest paths through firm i between firm k and firm j, and P(k, j) denotes the total number of shortest paths between k and j. The betweenness centrality is defined as follows:
There is no difficulty to infer that firms with higher levels of degree centrality are more likely to have higher levels of betweenness centrality. Finally, we consider a related notion of connectedness, stemming from Bonacich (1972) , as a refinement of degree centrality. A firm having more direct connections is more influential when the direct connections can reach or influence more outside firms. In other words, a firm is well connected when its direct contacts are also well connected. Eigenvector centrality measures a firm's connectedness based on the connectedness of its direct links:
where λ is the proportionality factor and g i j = 1 if firms i and j are linked. Writing Eq. (5) in vector form,
we see that each firm's connectedness in the network can be obtained by the eigenvector of the matrix G, where
Since the location of a firm in the cross-shareholding network depends on the connectedness of its direct links, eigenvector centrality can be interpreted as capturing the notions of power and prestige. In other words, a firm may be well-connected when it is perceived to be prestigious and powerful, as it is more likely to be influenced by well-governed firms. Although these three centrality measures can describe a firm's position in the network, one potential concern of our centrality measures is that larger firms with adequate resources and social relations tend to have higher levels of crossshareholding. To isolate the centrality measures of the cross-shareholding network from firm size (Larcker et al., 2013) , we purge the three centrality measures of the effect of size by taking the residual from the cross-sectional regressions of Degree, Eigen and Between on the log of firm size (Size) and the square of log size, noting them as Rd, Re and Rb, respectively.
Data descriptive
Considering that there has been an increasing number of cross-shareholding among listed firms since the splitshares reform was carried out in 2005, our sample period covers the thirteen-year period during [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] . Among all the companies listed on either the Shanghai or the Shenzhen A-share stock exchanges, we collect the yearly cross-shareholding data from Wind Database by looking for the documents we are interested in, which include the list of listed company 3 , the Main Stockholders List, and the Stockholder Relationships List. Weekly stock returns and accounting data are obtained from the RESSET Financial Database (http://www.resset.cn/) and the China Stock Market and Accounting Research (CSMAR) Database (http://www.gtarsc.com/). Therefore, weekly stock returns can be assigned to each firm's fiscal year so as to match the time period of its reported financial data. We use weekly returns to avoid the problem of thinly traded stocks. We begin with all firm-years between 2004 and 2016 (11266 firm-years). Following previous researches (Hutton et al., 2009; Gul et al., 2010; Bai et al., 2016) , we exclude firms marked with special treatment by the China Securities Regulatory Commission (CSRC) (259 firm-years), financial services firms and utilities (479 firm-years), firms' fiscal year fewer than 30 weeks of stock-return data (745 firmyears), firm-years with insufficient stock return data to calculate (1 firm-years), and firms with unavailable data of selected control variables (2495 firm-years). We are left with a final sample of 7287 firm-year observations. The sample covers 17 out of the 19 industries defined by the CSRC. The sample firm-years approximately increase across our sample period. See Table 1 for details.
Panel A of Table 1 shows the summary statistics of the cross-shareholding network characteristics of our initial sample. More than 600 firms have cross-shareholding each year with an average level of 1514 cross-shareholding across our sample. The average of diameters and the path lengths are 13.2308 and 4.6285, respectively, indicating that any two firms would be linked within an average of five other firms. We also find the average clustering coefficient to be 0.0672, indicating that around 7% of the time two firms linked by the same firm are also linked with each other. Panel B of Table 1 shows the distribution of our sample firms across industries based on the industry classification. Over 50% of the sample firms are from the manufacturing sector, followed by 9.04% from the transportation and logistics sector and 7.26% from the culture and media sector. Firms in the education industry account for 1% of the total. Panel C reports the distribution of our sample firms by year. The number of firms increases over the early stage of the sample period, and the activities of cross-shareholding are affected by the crash of the Chinese stock market in 2015.
Variables' descriptive statistics
The data sample contains 7287 firm-years in the period during 2004-2016. For each firm-year, we regress Eq. (1) and obtain its R 2 . The corresponding SYN is calculated according to Eq. (2). There are 7287 R 2 and SYN in total. For (Kurt) are calculated from the firm-specific weekly returns over each fiscal year. We also collect the following variables for each firm-year from 2004 to 2016: the log of size at the end of the previous fiscal year (Size, the book-to-market ratio at the end of the previous fiscal year (Bm), the leverage at the end of the previous fiscal year (Lev), and the contemporaneous return on equity (Roe). Table 2 presents the descriptive statistics for the key variables of interest. The mean and median R 2 are 0.5415 and 0.5498, respectively. The mean and median SYN are 0.1821 and 0.2000, respectively. The SYN measure is computed using the same specification of the market model introduced by Hutton et al. (2009) . The mean and the standard deviation of contemporaneous return on equity (Roe) are respectively 6.9378 and 129.1204, indicating a significantly high variation in Roe across the sample. The values of Degree, Eigen, and Between, describing firms' positions in the network, exhibit a sharp increase from the median to the 95th percentile of the sample, which shows a fat-tailed phenomenon of the cross-shareholding network (Ma et al., 2011) . As we can see, in the cross-shareholding network, there exists a core-periphery structure: a small amount of firms are highly linked while most of the others have a few linkages. Table 3 presents the correlation matrix of the variables. The Pearson correlations and the Spearman correlations Table 2 : Descriptive statistics of the key variables of interest including R 2 , stock price synchronicity (SYN), the log of size at the end of the previous fiscal year (Size), the book-to-market ratio at the end of the previous fiscal year (Bm), the leverage at the end of the previous fiscal year (Lev), the contemporaneous return on equity (Roe), the skewness (Skew) and kurtosis (Kurt) of the firm-specific weekly returns in each fiscal year, and the three cross-shareholding network centrality measures. and Between, indicating that these three variables play a common role in describing firm positions in the network. Moreover, we find a significant and positive relation between SYN and those three network centrality variables. Some of the control variables (e.g., Size, Roe and Lev) are positively correlated with SYN, leading us to further investigate the relationship between the position of a firm in the cross-shareholding network and the stock price synchronicity after controlling for these important factors. 
Empirical study
In this section, univariate analyses and multivariate analyses are employed to examine the relation between crossshareholding and synchronicity. We also test our results using alternative measures of stock price synchronicity.
Univariate analysis
We begin with the results of SYN, which measures the speed at which market-wide and industry-wide information is reflected on the securities market. Because increasing the level of the cross-shareholding reduces information asymmetry between firms and investors, we expect that firms at more central positions in the cross-shareholding network would have fewer irrational pricing factors in the stock market and their stocks would be more properly priced, leading to a higher level of price synchronicity. A competing expectation is that, if a firm is at a more central position in the network, the improvement of the information environment as a result of cross-shareholding would accelerate the generation of firm-specific information, reducing stock price synchronicity (Hutton et al., 2009; Gul et al., 2010; Bai et al., 2016) .
In each fiscal year, we sort the sample during that year into three groups based on the total market value (Size) at the end of the previous fiscal year. For each size group, we partition the data into five groups according to the sorted contemporaneous return on equity (Roe), where each group has the same number of data points. For each Size-Roe group, we further partition the data into five groups according to the sorted centrality measure (Degree, Eigen or Between), where each group also has the same number of data points. Finally, 3 × 5 × 5 stock groups based on Size, Roe and each centrality measure are formed and the equal-weighted average levels of stock price synchronicity are calculated in each Size-Roe-centrality group. D1  D2  D3  D4  D5  D5-D1  E1  E2  E3  E4  E5  E5-E1  B1  B2  B3  B4  B5  B5- This table presents the equal-weighted average of R 2 for the firm-years in each group and test the hypothesis that R 2 are equal in the high versus low centrality groups. D represents degree centrality, E represents Eigenvector centrality, and B represents Betweenness centrality. The superscripts *, ** and *** indicate respectively the significance at the 10%, 5%, and 1% level, respectively.
We calculate the equal-weighted average of R 2 for the firm-years in each group and test the hypothesis that R 2 is equal in the high versus low centrality groups. The results are presented in Table 4 . For the Size-Roe-Degree groups, stock synchronicity quantified by R 2 increases with the firm's centrality Degree for all Size-Roe combinations and the differences between D1 and D5 are statistically significant. Similar phenomena are also observed in the Size-RoeEigen and the Size-Roe-Between groups for large-size firms, but not for small-size and medium-size firms. It shows that the impact of cross-shareholding on stock price synchronicity is more likely to be significant in the large-sized groups. These results imply that the stock prices of large firms tend to mirror the market to a greater extent than those of small firms (Roll, 1988; Hutton et al., 2009; Gul et al., 2010) , and large firms would have fewer insider transactions which improves the incorporation of firm-specific information into individual stock price (Piotroski and Roulstone, 2004) .
In addition, the impact of cross-shareholding always exists in different Size-Roe-Degree groups. It implies that Degree can be more intuitive in describing a firm's position in the cross-shareholding network; however, it is not our focus to discuss the difference between network centrality measures. Lastly, we find that Roe would neither strengthen or weaken the relationship between the level of stock price synchronicity and the level of cross-shareholding. We later employ firm characteristic variables as controls in the regression analyses. Overall, our results indicate that the higher level of a firm's cross-shareholding, or the more central its cross-shareholding position in the network, the higher its level of stock price synchronicity.
Multivariate analysis
In this section, we formalize our analysis using regression to investigate the overall effect of cross-shareholding on stock price synchronicity. We regress stock synchronicity SYN against firm centrality Net and control for a range of other variables, where Net j represents the three centrality measures of firm j in the cross-shareholding network. We also include the log of size at the end of the previous fiscal year (Size), the book-to-market ratio at the end of the previous fiscal year (Bm), the leverage at the end of the previous fiscal year (Lev), and the contemporaneous return on equity (Roe) as additional controls for firm characteristics. Larger firms operating in a wider cross-section of the economy are expected to have higher R 2 . Besides, larger firms may be better-covered by media disclosure (Li et al., 2018) . The book-to-market ratio places firms along a growth-versus-value spectrum and could thus be systematically related to R 2 . Leverage is also expected to affect R 2 because it represents the future uncertainty of a firm. Following Jin and Myers (2006) , Hutton et al. (2009) , and An and Zhang (2013) , skewness and kurtosis, calculated from Eq. (1) 4 , are also considered as control variables in our examination of R 2 and the level of crossshareholding in order to assuage the concern that our results are unduly influenced by the distributional properties of residual returns. All variables are standardized to have a mean of zero and a standard deviation of one. Thus, we estimate the following regression equation:
where we also include the industrial dummies and the year dummies. In the regressions, we use Degree, Eigen or Between for the dependent variable Net. We consider three models. Model 1 contains only the explanatory variable Net and the constant term, Model 2 also contains the control variables, and Model 3 contains further the dummy variables.
The regression results are reported in Table 5 . Model 1 represents the results without any other control variables except for the firm characteristics including the year fixed effects and the industry fixed effects that are considered to control for macroeconomic changes. The numbers in parentheses represent the t-values that are adjusted using standard errors corrected for clustering at the firm level. In Model 1, the coefficients of Degree, Eigen, and Between are 0.1080, 0.0820 and 0.0940, respectively, showing that firms' centrality in the cross-shareholding network is significantly and positively related to stock price synchronicity, even after controlling for other endogenous factors in Model 2 and Model 3. Consistent with Table 2 , these results support the idea that there is less information asymmetry arising from a high level of cross-shareholding, and therefore promotes stock price synchronicity (Kelly, 2007; Dasgupta et al., 2010) . As shown in Model 2 and Model 3, consistent with Roll (1988) , the coefficients of firm size are significant and positive (0.1320 with t = 6.283, 0.1350 with t = 6.416, and 0.1320 with t = 6.321 for the three centrality measure in Model 3), which supports the notion that a larger firm operates in a wider cross-section of the economy (Hutton et al., 2009 ). Furthermore, after controlling the firm size, the results address the problematic feature of a mechanical positive association between firm size and measures of firm connectedness (Larcker et al., 2013 ) and a potential concern about the relation (derived from the firm size) between accounting opacity, or media disclosure and stock price informativeness (Easley et al., 2002; Li et al., 2018) . The book-to-market ratio is significantly and positively correlated with stock price synchronicity. Moreover, both kurtosis and skewness turn out to be statistically significant, where higher values for skewness or kurtosis implying lower levels of stock price synchronicity. This seems reasonable, because extreme events tend to weaken the relationship between firm returns and market-wide information (Hutton et al., 2009 ). In addition, the coefficients of the leverage are significant and negative (-0.0966 with t = −5.058, -0.0973 with t = −5.078, and -0.097 with t = −5.069, respectively, in Model 3) after considering the year and industry dummies, indicating that a higher level of uncertainty for future production and operations deriving from higher levels of the leverage leads to abnormal fluctuations in stock prices. However, the contemporaneous return on equity Roe is insignificant in both Model 2 and Model 3. Our results remain unchanged using Rd, Re and Rb as the centrality measures, or using firms with fiscal year more than 40 weeks of stock-return data (Chan and Hameed, 2006) . Overall, there is preliminary evidence that a higher centrality in the cross-shareholding network leads to lower information asymmetry, and promotes the reflection of fundamental information in the stock price. We find that the R-square is low (0.0120, 0.0070 and 0.0090) in Model 1, which increases about ten times (0.0790, 0.0790 and 0.0780) when the control variables are included in Model 2. More intriguingly, when we consider the year and industry variables, the R-square becomes as large as 0.3050. Prior research mentioned that the informativeness of insider trades decreases with firm size (Piotroski and Roulstone, 2004) . Having observed a positive association between the cross-shareholding and stock price synchronicity, we next consider whether this relation persists across firms with different sizes. Specifically, identifying the size of firms for which this association is particularly strong can provide insights into possible underlying economic mechanisms driving price synchronicity as well as mitigate concerns that the preceding results are simply a consequence of firm size. We stratify our sample into terciles based on annual rankings of end-of-year total market values, and re-estimate Eq. (7) by terciles. According to Table 5 , we employ Model 3 here. Table 6 represents the results of the three size groups. The coefficients of Degree, Eigen and Between for the largesize group are 0.0632, 0.0592 and 0.0580, respectively (with a significance of 5%), while the coefficients of the three centrality measures are all insignificant for the small-size and medium-size groups. The impact of cross-shareholding on stock price synchronicity only significantly exists in large firms, indicating that cross-shareholding can reduces information asymmetry more effectively for large firms by constructing long-term and stable links between shareholders, while cross-shareholding does not seem to improve the information environment of small firms (as avenues of short-term finance and arbitrage). These estimations of centrality do not reveal any monotonic trends in the relations across size terciles. We also find that the marginal effect of size on price synchronicity tends to be stronger among small firms, extending the results in previous studies (Roll, 1988; Chan and Hameed, 2006; Hutton et al., 2009) . Consistent with the results in Table 5 , the book-to-market ratio is significantly and positively correlated with stock price synchronicity across all the size groups. The coefficients of Lev within the three size groups are significant at the 10% level, implying that leverage does have an impact on stock price synchronicity regardless of a firm's size. Our results remain unchanged when we use Rd, Re and Rb as the centrality measure. Control variables include the log of size (Size), the book-to market ratio (Bm) and the leverage (Lev) at the end of the previous fiscal year, skewness (Skew), kurtosis (Kurt), contemporaneous return on equity (Roe), and indicator variables for year and the industry classification. All variables are standardized to have zero mean and unit standard deviation. Numbers in parentheses represent t-values that are adjusted using standard errors corrected for clustering at the firm level. *, **, *** indicate significance at the 10%, 5%, and 1% level, respectively.
Robustness
In this section, we test if our inferences remain unchanged by using alternative measures of price synchronicity. Moreover, to rule out the possibility that our regression results are driven by outliers, we re-run the analysis using a winsorized sample.
In emerging markets, including industry returns as an additional factor to explain stock returns in a market model is problematic because in some markets the economy is dominated by a few industries and it is therefore difficult to disentangle the industry effects from the market effects (Chan and Hameed, 2006) , which is also the case for the Chinese stock market (Han et al., 2017) . In addition, it is common for an industry in an emerging economy to include only a few companies. Consequently, when the industry returns are computed using the few companies from the given industry, they reflect firm-specific news rather than industry-wide news. To reconcile this potential concern, we employ the market model (Chan and Hameed, 2006; Nguyen and Truong, 2013) 
as well as the market-industry model without non-synchronous trading (Crawford et al., 2012; Li et al., 2018) r j,t = α j + β 1, j r m,t + β 2, j r i,t + ε j,t
to calculate the stock price synchronicity, noting them as SYN1 and SYN2, respectively. Therefore, we run these two regressions in Model 4 and Model 5. In Model 6, we winsorize all variables at the bottom and top 1% of their empirical distributions. In Model 7, we also exclude the years 2008, 2015 and 2016 from our tests to avoid potential bias that can arise from the unusual price movements during the years of the financial crisis and the stock market crash, and our conclusions remain unaffected 5 . Control variables include the log of size at the end of the previous fiscal year (Size) and book-to market ratio at the end of the previous fiscal year (Bm), skewness (Skew), kurtosis (Kurt), contemporaneous return on equity (Roe), leverage at the end of the previous fiscal year (Lev), and indicator variables for year and the industry classification. Numbers in parentheses represent t-values that are adjusted using standard errors corrected for clustering at the firm level. *, **, *** indicate significance at the 10%, 5%, and 1% level, respectively.
In Table 7 , most of the coefficients of Degree, Eigen, and Between are statistically significant and positive in Model 4 (0.0227, t = 2.096; 0.0244, t = 2.649; 0.0136, t = 1.209, respectively) and in Model 5 (0.0322, t = 2.668; 0.0325, t = 2.889; 0.0324, t = 2.990, respectively). Consistent with our conjecture, the empirical results suggest that centrality in the cross-shareholding network is positively related to stock price synchronicity. In addition, we find that our main regression results are not driven by outliers in Model 6 nor by the turbulent years in Model 7. However, removing the turbulent years reduces the R-squared remarkably, though the results are qualitatively the same. This finding reflects the fact that stock prices are more synchronous during market bubbles and especially crashes (Plerou et al., 2002; Billio et al., 2012; Ren and Zhou, 2014) .
Cross-sectional dependence would result in a biased estimation of our regressions. An unreported table describes the results of the effect of cross-shareholding on stock price synchronicity with the Fama and MacBeth (1973) method including industry fixed effects, based on the heteroskedasticity and autocorrelation consistent standard errors of Newey and West (1987) . We capture the serial correlation in the estimated coefficients using a first-order autoregressive process. Not surprisingly, the unreported results remain similar.
Further discussion
Effects of cross-shareholding on noise trading
In the empirical analysis above, a basic conclusion is that the level of cross-shareholding promotes stock price synchronicity, which can be interpreted as firms with higher levels of cross-shareholding, or that are more central in the cross-shareholding network would have higher-quality of information disclosure and information environment, which further improves price informativeness. Nevertheless, firms at more central positions in the cross-shareholding network would reflect more market-wide information, which increases its level of systematic risk. Therefore, it casts reasonable doubt on whether it is through the improvement of the information environment that cross-shareholding promote stock price synchronicity.
Evidence has been given about the impact of the information environment on noise trading. For example, Roll (1988) suggests that the volatility of stock returns would not be totally dependent on fundamental information. The noise trading has been proven to be a potential factor of return volatility (Anbo et al., 2017) . It is shown that taking noise trading into consideration, stock price synchronicity does not always vary monotonically with price informativeness (Lee and Liu, 2011) . In terms of the corporate structure, it is confirmed that managers tend to disclose the good news and hide the bad news to protect their own professional prestige, and such low quality of information disclosure may cause heterogeneous beliefs among investors, which consequently increases the volatility of individual stock return (Jiang et al., 2009) . Therefore, in this section, we intend to prove the impact of cross-shareholding on stock pricing efficiency by testing the relation between the improvement of the information environment (arising from cross-shareholding) and noise trading.
The dependent variable we are interested in is DEV. Specifically, following Brockman and Yan (2009), we define DEV as the standard deviation of the log of one plus the residual return from Eq. (1). The centrality measures include Degree, Eigen and Between. Following Gu et al. (2018), we include the log of size at the end of the previous fiscal year (Size) and book-to market ratio at the end of the previous fiscal year (Bm). We also include contemporaneous return on equity (Roe), leverage at the end of the previous fiscal year (Lev), and indicator variables for the year and the industry classification as control variables. Hence, the regression equation reads
Due to the speculative feature of stock trading in China (Truong, 2011) , as discussed above, we expect firms with a more central position in the network to have lower idiosyncratic volatility after explained by market and industry information. The dependent variable DEV is the standard deviation of the log of one plus the residual return calculated from Eq. (1). The centrality measures includes Degree, Eigen, and Between. Control variables include the log of size at the end of the previous fiscal year (Size) and book-to market ratio at the end of the previous fiscal year (Bm), contemporaneous return on equity (Roe), leverage at the end of the previous fiscal year (Lev), and indicator variables for year and the industry classification. All variables are standardized to have a mean of zero and a standard deviation of one. Numbers in parentheses represent t-values that are adjusted using standard errors corrected for clustering at the firm level. *, **, *** indicate significance at the 10%, 5%, and 1% level, respectively. Table 8 describes the results. The numbers in parentheses represent the t-values that are adjusted using standard errors corrected for clustering at the firm level. The coefficients of the centrality measures are negative and significant at the 5% level: the coefficients of Degree, Eigen and Between are -0.0282, -0.0207 and -0.0454, respectively, with t-statistics of -2.579, -2.106 and -3.926, respectively in the entire sample. The coefficients of the three centrality measures are also negative and significant after controlling for the year fixed effects and the industry fixed effects. The results indicate that the improvement of the information environment, arising from cross-shareholding, would reduce noise trading and thus promotes stock price informativeness (Lee and Liu, 2011) . Therefore, the stock price would reflect more informed trading instead of irrational factors.
Not surprisingly, the coefficient of size is positive and highly significant, implying that given a greater amount of available fundamental information (as compared to small firms), large firms have lower volatility during the year (Gul et al., 2010; An and Zhang, 2013) . The book-to-market ratio is statistically significant in reducing idiosyncratic volatility. Leverage is associated with higher idiosyncratic volatility since high levels of uncertainty with respect to future cash flow dominates the stock return. Our results remain unchanged using Rd, Re, and Rb as centrality measures.
To investigate how the impact of cross-shareholding on noise trading varies across firms with different sizes, we stratify our sample into terciles based on annual rankings of end-of-year total market values, and re-estimate Eq. (10) by tercile. The coefficients of Degree, Eigen, and Between are statistically significant and negative in the large-sized groups (-0.0589, t = −3.344; -0.0378, t = −2.305; and -0.0521, t = −3.436, respectively). Consistent with our results in Section 4, the results confirm that a higher level of cross-shareholding in large firms would foster more stable relations between shareholders and consequently demands a higher quality of the information environment, while a higher level of cross-shareholding in small firms would be more a reflection of the short-term arbitrage under particular market conditions or demands for temporary financing. We also notice that the R-squared value increases significantly from the small-size group to the large-size group.
Another measure of idiosyncratic volatility, mentioned in Nartea et al. (2013) and Gu et al. (2018) , is also employed to test the relation between cross-shareholding and noise trading. We calculate the idiosyncratic volatility (DEV-FF3) of yearly stock returns as the standard deviation of weekly excess returns relative to the Fama and French (1993) three-factor during the same year. More specifically, stock j's idiosyncratic volatility (DEV-FF3) in the same year is calculated as below:
where r j,t − r f,t is stock j's weekly excess return at week t and MKT t , SMB t and HML t are weekly returns of the Fama and French (1993) three factors extracted from the RESSET Financial Database 6 . Table 9 shows the regression results. The coefficients of Degree, Eigen and Between are -0.0245, -0.0172, and -0.0210, respectively, with t-statistics of -2.240, -1.754 and -2.063, respectively across the whole sample. Size is significantly and negatively related to DEV-FF3, with coefficients of -0.1200, -0.1240, and -0.1220 in Column 1, Column 2, and Column 3, respectively. Consistent with our results in Table 8 , cross-shareholding would promote stock pricing efficiency by driving noise trading out, and irrational trading would be more clustered at the small firms. When we turn to investigate how such effects vary across firms of different sizes, the results also show a significant and positive relation between cross-shareholding and noise trading in large firms. The results may be rested on an idea that, compared to small firms (whose goals primarily relate to capital operation and short-term financing), large firms have stable cash flows and lower sensitivity to market-wide shocks, allowing them to be partly owned over the long term by shareholders pursuing profit through continuous cash flows instead of stock price fluctuation, which makes those shareholders demand a better quality of the information environment 7 . To summarize, consistent with Kelly (2007) and Lee and Liu (2011) , the obvious conclusion can be drawn from the results in Table 8 and Table 9 that the improvement in the quality of the information environment, arising from cross-shareholding, reduces noise trading and further promotes stock price informativeness, especially for large firms. We again observe that the R-squared value increases significantly from the small-size group to the large-size group.
Price delay
In the previous analysis, we provide evidence that cross-shareholding promotes stock price synchronicity through a noise-reducing process. One can expect that if a stock is priced more rationally, the stock returns would reflect Fama and French (1993) three-factor during the same year. The centrality measures includes Degree, Eigen and Between. Control variables include the log of size at the end of the previous fiscal year (Size) and book-to market ratio at the end of the previous fiscal year (Bm), contemporaneous return on equity (Roe), leverage at the end of the previous fiscal year (Lev), and indicator variables for year and the industry classification. All variables are standardized to have zero mean and unit standard deviation. Numbers in parentheses represent t-values that are adjusted using standard errors corrected for clustering at the firm level. *, **, *** indicate significance at the 10%, 5%, and 1% level, respectively.
more contemporaneous market-wide information, and vice versa. Thus, one testable inference is that the explanatory power of historical information in the stock market would be reduced for firms at more central positions in the crossshareholding network. Following Hou and Moskowitz (2005), we measure market-wide information using historical market returns or the average historical returns of stocks in the same industry. If noise trading causes price delay, we should expect this price delay or lead-lag effects in returns to increase as the centrality in the cross-shareholding network decreases, after controlling for other firm characteristics. In addition, Dong et al. (2016) reckon that stock price synchronicity, as a measure of price informativeness, is not without criticism.
To measure price delay, we employ measures used in Hou and Moskowitz (2005) . The market return or the industry return represents the news to which stocks respond. At the end of December for each year, we run a regression of each stock's weekly return contemporaneous and four weeks of lagged returns of either the value-weighted market portfolio or the value-weighted industry portfolio:
where r j,t denotes the weekly return of firm j at week t and r p,t is the return on the value-weighted market index or the value-weighted return of the stocks in the same industry portfolio as stock j at week t. The industry portfolio of a stock is defined as all other stocks in the CSRC with the same industry classification. If the stock contains a larger rational pricing component and responds immediately to market news, β j will be significantly different from zero, but none of δ (−k) will differ from zero. If stock j's price is followed by much noise trading, some δ (−k) will differ significantly from zero. The measure of delay that we use is the fraction of the variation in contemporaneous individual stock returns explained by lagged market or industry returns. The delay measure is thus defined as one minus the ratio of the R 2 from Eq. (12) restricting δ (−k) = 0, for all k ∈ {1, 2, 3, 4}, over the R 2 from Eq. (12) without any restrictions:
We start with baseline regressions to investigate the overall effect of cross-shareholding on price delay. To examine the size effect, we stratify our sample into terciles based on the annual rankings of the end-of-year total market values and within each size tercile we regress the price delay measure on the three centrality measures of the cross-shareholding network and other stock characteristics. The measure of delay is bounded between zero and one. Therefore, for the regressions to be well-specified, we include the logistic transformation of the measure of delay as a dependent variable. Following Pareek (2012), we include the log of size at the end of the previous fiscal year (Size), book-tomarket ratio at the end of the previous fiscal year (Bm), contemporaneous return on equity (Roe), leverage at the end of the previous fiscal year (Lev), and indicator variables for the year and industry classification. (12) and Eq. (13). The centrality measures include Degree, Eigen, and Between. Control variables include the log of size at the end of the previous fiscal year (Size) and book-to market ratio at the end of the previous fiscal year (Bm), contemporaneous return on equity (Roe), leverage at the end of the previous fiscal year (Lev), and indicator variables for year and the industry classification. All variables are standardized to have a mean of zero and a standard deviation of one. Numbers in parentheses represent t-values that are adjusted using standard errors corrected for clustering at the firm level. *, **, *** indicate significance at the 10%, 5%, and 1% level, respectively. Table 10 shows the results. The coefficients corresponding to the centrality measures, Degree, Eigen and Between, are negative and insignificant in all the regression specifications except for those in the large-sized group (-0.0678, t = −2.941; -0.0653, t = −2.612; -0.0451, t = −2.380, respectively), showing a similar pattern as in Table 6 and  Table 8 . For large firms at more central positions in the cross-shareholding network, their stocks tend to be priced more rationally and therefore reflect more contemporaneous market-wide information. Not surprisingly, consistent with our interpretation in previous analyses, large firms are more likely to have a mature and developed corporate structure and a stable future cash flow; therefore individuals prefer to invest on a long-term horizon, strengthening the alignment effect between shareholders and demanding a higher quality of the information environment. Therefore, large firms' stock would contain more contemporary information instead of historical market-wide information. Besides, in line with Pareek (2012), firm size and leverage have negative and positive effects on the price delay, respectively.
Another potential explanation for our results may rest on the investor attention, as Pareek (2012) attributes such a price delay to the potential probability of investor attention when studying fund managers' trading behavior. Firms that are small, have high levels of arbitrage risk and transaction costs, low levels of institutional holdings, and that are largely not followed by analysts have been proved to be the impediments to informed trading on the stock market (Zhang, 2006; Zhang et al., 2013; Michaely et al., 2016) . conjecture that investors who buy and hold stocks whose subsidiaries recently experienced a profit and sell stocks whose subsidiaries recently suffered from a loss would gain abnormal returns. More evidence of the ownership connection, given by Ginglinger et al. (2011) , shows that the investors of the parent firm would pay more attention to the earning news of its subsidiaries, while there exists a persistent inattention to the earning news of the parent firm among investors of its subsidiaries. Therefore, since firms' balance sheets are a type of open data available to investors, we believe that investors would pay attention to the stock of firms' cross-shareholders.
On one hand, investor attention would have a direct impact on price informativeness even if investors pay attention to cross-shareholders through balance sheets, because in a financial market filled with inexperienced investors, stock pricing would be more likely to be biased or sentiment-driven when they receive more attention from other firms (e.g., herding) (Engelberg and Gao, 2011) . In this way, among large firms, we might observe a positive (negative) or insignificant relation between noise trading (price delay) and the centrality in the cross-shareholding network. However, our results show that noise trading is negatively associated with firms' centrality in the cross-shareholding network, excluding a potential concern that firms' centrality in the network reduces the price delay only by attracting more attention from investors.
On the other hand, investor attention might have an indirect impact on pricing efficiency. Stocks would be much less likely to be mispriced when they are focused especially for firms with a good information environment and less noise traders. Therefore, in spite of a descriptive interpretation, we consider that when looking for which stocks worth holding, investors would not only think over the fundamental information of the stock they already hold, but also consider the stocks of their cross-shareholders, especially for large firms at more central positions in the crossshareholding network that would obtain more attention than small firms. Based on the improvement of the information environment arising from the cross-shareholding for large firms, such a increasing level of attention would further strengthen the impact of the reduction of noise trading on price informativeness. Therefore, for large firms, centrality in the cross-shareholding network is positively associated with pricing efficiency, thus reducing price delay. Moreover, this negative relation between centrality and price delay would also be strengthened by more attention from investors at a more central position in the network.
Our results remain unchanged using the price delay calculated from the value-weighted industry portfolio, or using Rd, Re and Rb as centrality measures 8 . In summary, these results prove the positive impact of cross-shareholding on stock pricing efficiency, which further promotes stock price synchronicity, especially for large firms.
The signs of market return
As we can see from the previous analyses, cross-shareholding improves stock price informativeness by reducing noise trading. It should come as no surprise that this effect appears to be stable if the negative impact of noise trading on stock price informativeness is maintained in the long run. However, the market environment changes from time to time. Lo (2004) sheds a light on the changing market environment, and suggests that the risk/reward relation in the stock market always varies. Based on the Adaptive Markets Hypothesis of Lo (2004) , Shi and Zhou (2017a) and Shi and Zhou (2017b) confirm that trading strategies constructed based on contrarian effects would fail in Chinese stock market under certain market conditions. Considering that the impact of noise trading would differ from one certain market condition to another, we next investigate the impact of cross-shareholding on stock prices in separate market environment.
Following Bris et al. (2010) , we calculate two separate measures of individual stock price co-movement. Let r + m be the value-weighted market return when it is either positive or zero and r − m be the market return when it is negative. For each stock in our sample and for each year T, we calculate the R 2 values in the following two modified specifications:
and
We compute the corresponding R 2 coefficients, R 2+ j and R 2− j , respectively, using weekly stock return data for every week t in year T. We then apply a logistic transformation to obtain near normally distributed and continuous variables, SYNP and SYNN, respectively. We also include the log of size at the end of the previous fiscal year (Size), the bookto-market ratio at the end of the previous fiscal year (Bm), leverage at the end of the previous fiscal year (Lev), and contemporaneous return on equity (Roe) as additional controls for firm characteristics. Following Hutton et al. (2009) , we also include the skewness and the kurtosis calculated separately from Eq. (14) and Eq. (15). All variables are standardized to have zero mean and unit standard deviation. Moreover, to better investigate the relation between crossshareholding and R 2− j , we exclude the firm-years in the sample during 2008, 2015, and 2016 to avoid the potential bias caused by the financial crisis and the stock market crash.
We sort our sample into size terciles based on size at the end of the previous fiscal year and similar statistics are shown across different firm size. The data show that the overall level of R 2− is higher than that of R 2+ . The results indicate that there exists an asymmetric synchronicity between firm-specific return and market return. A similar pattern can be also found across different firm sizes. Furthermore, compared to large firms, small firms may be more sensitive to changes in market conditions because of their low levels of operation and management and their high levels of uncertainty in cash flow. Table 11 presents the results of the relation between cross-shareholding and SYNP. The coefficients of Degree, Eigen, and Between are insignificant in the entire sample (-0.0001, t = −0.012; 0.0071, t = 0.714; and -0.0010, t = −0.094, respectively). The coefficients of Bm and Skew are significantly positive and the coefficients of Roe are insignificant. A similar pattern can be found in the small-size and medium-size groups. In the large-size group, the coefficients of Degree, Eigen and Between are positive and significant at the 10% level (0.0327, t = 1.739; 0.0294, t = 1.726; and 0.0342, t = 1.925, respectively). Our results remain unchanged using Rd, Re and Rb as the centrality measures. The results show that cross-shareholding would slightly improve stock price synchronicity during market upturns, especially for large firms. (14) . The centrality measures include Degree, Eigen and Between. Control variables include the log of size at the end of the previous fiscal year (Size) and book-to market ratio at the end of the previous fiscal year (Bm), skewness (Skew), kurtosis (Kurt), contemporaneous return on equity (Roe), leverage at the end of the previous fiscal year (Lev), and indicator variables for year and the industry classification. All variables are standardized to have a mean of zero and a standard deviation of one. Numbers in parentheses represent t-values that are adjusted using standard errors corrected for clustering at the firm level. *, **, *** indicate significance at the 10%, 5%, and 1% level, respectively. Table 12 presents the results of the relation between cross-shareholding and SYNN. The coefficients of Degree, Eigen and Between are all significant at the 1% level in the entire sample (0.0431, t = 3.050; 0.0377, t = 2.926; and 0.0372, t = 2.781, respectively). Moreover, skewness is negatively associated with SYNN and the coefficients of Roe and Lev are insignificant. A similar pattern can be found in the small-size and medium-size groups. In the largesize group, the coefficients of Degree, Eigen and Between are also positive and significant at the 1% level (0.1010, t = 4.331; 0.0908, t = 4.676; and 0.0932, t = 4.354, respectively). Our results remain unchanged using Rd, Re and Rb as the centrality measures 9 . The results show that cross-shareholding would strongly improve the stock price synchronicity during market downturns, especially for large firms 10 . Control variables include the log of size at the end of the previous fiscal year (Mv) and book-to market ratio at the end of the previous fiscal year (Bm), skewness (Skew), kurtosis (Kurt), contemporaneous return on equity (Roe), leverage at the end of the previous fiscal year (Lev), and indicator variables for year and the industry classification. All variables are standardized to have a mean of zero and a standard deviation of one. Numbers in parentheses represent t-values that are adjusted using standard errors corrected for clustering at the firm level. *, **, *** indicate significance at the 10%, 5%, and 1% level, respectively.
When we turn to compare the results for large firms in Table 11 and Table 12 , the coefficients of Degree Eigen, and Between during market downturns are higher and more significant. Moreover, compared to the average levels of the coefficients of the centrality of large firms in Table 6 , the coefficients of Degree, Eigen, and Between are lower in Table 11 and higher in Table 12 . It is remarkable that the impact of cross-shareholding on stock price informativeness has an asymmetric pattern, implying that stock prices become more synchronous with market returns during market downturns. Consistent with Lo (2004) 's conjecture, the results show that the impact of cross-shareholding on price informativeness are highly dependent on the market environment as the impact of noise trading on pricing efficiency varies in the Chinese stock market.
More concretely, in the financial market, investors' behavior matters since it is also a type of dynamic decisionmaking behavior (Wen et al., 2014b,c) . Hou et al. (2009) find that underreaction among investors would occur during market upturns and overreaction would occur during market downturns, while Frank and Sanati (2018) argue that the stock market overreacts to good news and underreacts to bad news. As mentioned in the analyses of price delay, we argue that investor attention not only has a direct impact but also is likely to make a difference on the impact of reduction of noise trading on price informativeness. Therefore, in spite of a descriptive interpretation, we reckon that, in the Chinese stock market, investors would pay more attention to the portion of firms' information that is related to market-wide information during market downturns with a potential goal of bargain-hunting or stop-loss strategies. Therefore, investors accelerate the incorporation of market-wide information into the stock price, and thus strengthen the impact of the reduction in noise trading on the process of price discovery during market downturns.
To some extent, short selling may cast doubt on our results. While prices incorporate negative information faster in markets where short selling is allowed and practiced (Bris et al., 2010) , we do not think that it looks like the fact that such an effect is derived from the removal of short selling. In March 2010, the CSRC launched a plan to remove the ban on short selling; we carry out a complementary analysis using the firm-years in the sample in 2004-2009 to avoid potential selection bias. Our inferences remain unaffected in these unreported tests. In addition, one can find that the effect stems from those firms with limits on short selling. Given that high arbitrage limits increase the possibility and magnitude of the potential for market mispricing (Gu et al., 2018) , we infer that firms at more central positions in the cross-shareholding network have a higher level of noise trading, which is not consistent with our conjecture in the previous analyses. Therefore, such a concern does not make sense.
In summary, the impact of cross-shareholding on stock price informativeness is highly dependent on the market environment, instead of being isolated from the outside world and remaining static. Specifically, this impact becomes stronger during market downturns. Our results provide further evidence supporting the Adaptive Markets Hypothesis of Lo (2004) that market efficiency varies from time to time.
Conclusions
In this paper, we investigate whether and how stock price synchronicity, as a measure of stock price informativeness, is associated with firms' centrality in the cross-shareholding network unique to China. We obtain five main findings.
Contrary to the conventional wisdom that the information environment specializes in the production of firmspecific information, we find that the improvement of the information environment reduces noise trading in the Chinese stock market. First, using the R 2 of an expanded model as a measure of stock price synchronicity, we find that a higher centrality of a firm in the cross-shareholding network increases the stock price co-movement with the market and the industry portfolio return. Second, to further confirm the positive association between stock price synchronicity and the information environment (Lee and Liu, 2011) , as a result of cross-shareholding, we confirm that it is through a noise-reducing process that cross-shareholding promotes stock price synchronicity in the Chinese stock market. Third, according to the noise-reducing process and the potential for investor inattention, we find that firms with a more central position in the cross-shareholding network have a lower level of stock price delay. Fourth, the effects of cross-shareholding are pronounced for large firms. Apart from the phenomenon that noise trading is clustered more at small firms, we suggest that large firms have more stable future cash flows and lower sensitivity to market-wide shocks, which strengthens the alignment effect between their shareholders and demands a higher quality of the information environment. Lastly, cross-shareholding have asymmetric impacts on stock price synchronicity between market upturns and market downturns. We suggest that investors in the Chinese market would pay more attention to firms' information during market downturns, thus strengthening the impact of the reduction in noise trading on the process of price discovery.
Our findings have some implications for the existing literature. First, our work is related to Khanna and Thomas (2009) who find that the pairwise stock price synchronicity is more strongly correlated with interlocking directorates, while there is a correlation between synchronicity and equity ties. Considering the equity linkage, we employ complex network theory to analyze the relation between cross-shareholding and stock price synchronicity. Second, while researchers have focused on how the ownership structure affects the information environment of a firm and its decision making, we test further the impacts of cross-shareholding on the variations of stock prices. Third, we extend the theoretical predictions (Lee and Liu, 2011) by providing empirical evidence which shows an inverse relation between noise trading and stock price synchronicity.
The results also suggest avenues for future work. It would be useful to distinguish the financial interlocks from different directions and weights so as to investigate whether cross-shareholders, who are also large controlling shareholders, have an impact on stock price informativeness. In addition, we do not take a comprehensive approach towards identifying the mechanisms through whether and how investor inattention varies across firms with different levels of cross-shareholding, arguing only that investors may pay attention to cross-shareholders through the balance sheets of firms. An open question is whether and how investor inattention varies across firms in a financial network (Richardson et al., 2010) .
